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© Polypeptides and derivatives thereof as well as their use In pharmaceutical and diagnostic 
compositions. 

© A polypeptide having amino acid sequence 172-192 of a Mycobacterium bovis BCQ 64 kD polypeptide, said 
sequence having the formula 
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VITVEESNTFGLQLELTEGMR 
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Po.ypept.des and derivatives there f as we., as their use in pharmaceutic* and d«agnost.c compos. 



immunological tests. 

5 

Background of the invention 

,«k^ q h with rhmnic forms of arthritis which are thought to involve auto- 

inciting circumstance h , Immtn.saL with the BCG strain of mycobac- 
may show unusual react.v.ty » my«*ae « al ^Tndividuate Ankylosing spondylitis has been associated with 

considered to be a model of rheumatoid arthntis. 
25 Prior art 

pp . - 191 d i SC ioses aqueous acetone soluble and insoluble fractions of certain mycobacteria, 
EP-A-0 181 364 discloses aq ueous a ^ wag foun{J tQ 

such as Mycobacterium H- 37 '!^^^^^^^ arthritis. The insolubieTriction seemed to be 
provoke an immune response lead.ng to "^^^SJ^m -as shown to be substantially free 
responsible for the induction of ' a ^^^^^^SS^ certain lines and clones of T- 
of adjuvant arthritis inducing components. Further J"^ ™ |ones ca „ be used for pro ducing 

lymphocytes se.ected for their reactivity A2 was found to induce arthritis 

arthritis upon inoculation into irradiated rats. ^ ^HEh •*•*<• vaccinating unirradiated 

upon intraveneous injection into irradi JJJJ^^J* immunization to mycobacteria. Cel. line A2 
rats against subsequent auto-immune arthritis inducea Dy ac« « resoectivelv. A2b 

has been cloned. There were obtained ^jJfJjS M v3S?^ 

causes arthritis but does ^ J^U^iTu^l!^- AA. Moreover. Cones A2b and A2c can 
it. In addition to preventing arthntis, c lone A2c suppreS sion of arthrHogenicity. Both 

be used to identify antigens associated with arthrrtogenicny or w.ui hh 

Mycobacterium bovjs BCG DNA .n | sche ^ gj* m %5tacterlal antigens was analyzed by 
« «, antigen. By placing « P-°»£ ^ cl^X ««h «-°64 KO 
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are routinely used tor skin tests. Finally, it is stated in the article that preliminary expenments ,nd.cate the 
oresence of antibodies against the 64 kD antigen in sera from tuberculosa patents. 
P E opean patent appLtion 0 262 710 a«so desaibes ^Zn^ZSSS" 
^ f MAKTTAYD EE ARRGLERGLN ALADAVKVTL GPKGRNWLE KKWGAPTITN DGVS AKEIE 
R1 LEDPYEKIGA ELVKEVAKKT DDVAGDGTTT ATVLAQALVR EGLRNVAAGA NPLGLKRGIE 
?21 SSS^ ^LKGAKEVETK EQIAATAAIS AGOQSIGDU AEAMDKVGNE GV1TVEESNT 
8 f^qS£5g MRFDKGYISG YFVTDPERQE AVLEDPYILL VSSKVSTVKD LLPLLEKVIG 
2 ! AGKPLLMAE DVEGEALSTL WNKIRGTFK SVAVKAPGFG DRRKAMLQDM AILTGGQVIS 
» EE^ENA DlITgKARK VWTKDETTI VEGAGDTDA. AGBVAQ.RQE IENSDSDYDR 

3G Iklqerlaku aggvavikag aatevelker khriedavrn akaaveegiv agggvtllqa 

S ^^E^lEGD^Gm^ALEAPlXQ lAFNSGLEPG WAEKVRNLP AGHGLNAQTG 
48 CCS^GVaXwRSA LQNAAS.AGL FLTTEAWAD KPEKEKASVP GGGOMGGMDF 
InthS specification the amino acid residues are designated by means of the fcilow.ng letters: 



75 



20 



30 



35 



40 



alanine 
cystine 
aspartic acid 
glutamic acid 
phenyl alanine 
glycine 
histidine 



I 


iso leucine 


R 


arginine 


K 


lysine 


S 


serine 


L 


leucine 


T 


threonine 


M 


methionine 


V 


valine 


N 


asparagine 


w 


tryptophane 


P 


proline 


Y 


tyrosine 


Q 


glutamine 







It is further stated in European patent application 0 262 710 that antigen * ""T^. 8 ^ 1 ?* 
with antigens present in other bacterial species. This shows that epitopes present on antigen A are simriariy 
present on equivalent proteins of various bacterial species, such as Mycobactenum, Eschench^ 
Treponema, Shigella. Salmonella , Yersinia, Nocardia. Campylobacter andWeb^ For ^example * has 
beenshown ^^si^S-^e^^oCl^A shows a very strong homology wrth , tte amino acd 
S^^^SiTlom Mycobacterium leprae which is disclosed in Proc.Natl.Acad.Sa.tJSA 83 pages 
SSSSV (1^86)! For exam p.e. the amino a ddliquence 134-205 of antigen A ,s -dentally present .n the 

abovementioned 65 kD protein of M. leprae. hi ■> ran 

Further, European patent appii^ation-0 262 710 shows that antigen A itself is not arthntogemc, but can 
protect rats against arthritis induced by M. tuberculosis. 

P Rnal.y, European patent application!) 262 710 describes the use of the ™*^***« "° 
disciosed n EP-A-0 181 364 for the identification of antigens assocated w,th arthntogenicty or wrth 
25^<f.^.nic*. Both clones respond to whole mycobacteria, as well as to antigen A_ For 
torther localization of the epitope which is responsible for the stimulating acbvrty of an .gen A on the T-cell 
Sone Sments o? antigeS A were investigated. These fragments were truncated 
de,etion mutants of the gene, and further fusion proteins *- fl alad ^SLtel^ 
peptides This investigation showed that the epitope response for the stimulation of the T-cell clones 
P e<ides in antigen A amino acid sequence 171-240. European patent application 0 262 710 relates among 
otners 0 ^peptides showing sequential homology with the polypeptide having antigen A amino acid 
sequence S hSS. which homology is such that the polypeptides are composed of 4-70 ammo acd 
eTues and that in the amino add sequence at least 4 amino acid residues 

position as the same amino acid residues are in the polypeptide having antige , A am nc ac-d s^ence 
171-240. One of the polypeptides recognized by the T-cell clones A2b and A2c had anfgen A ammo acd 
sequence 180-196. 



50 Description of the invention 



Further research resulted in a still more precise definition of the antigen A epitope recognized by T-ceN 
clones A2b and A2c. Polypeptides were prepared by means of known solid phase techniques and these 
poiypeptTdes were tested! their stimulating activity on the T-cell Cones. The rosurts 
« Egure. The concentration of the peptides in the stimulation test was always 1 ItgAnL The V°Mm* y * 
reactions were measured by cultivating th T-cells (2 x 10* per well) dunng 4 days in the presence _of 
r adiated (1500 R) syngeneic thymocytes (2 x 10- per we,.) as ^J^^^Z Z 
with 3 H -thymidine during 16 hours. The number of counts per m.nut (cpm) for the thym.d.ne uptake was 
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measured in triplicate and was divided by the mean result of control tests without antigen carried o«rt m 
mean values of ft ratios so found are given as stimulation index (SI ± standard deviation) £ 
- com est divided by cpm control without antigen. Th culture medium wasJDulbecco's Modrfied Eagles 
Medklm (Giboo) supplemented with 1 % rat serum. 5 x 10- M \™ M +5Z£Z 

unSS penicilline and 100 ug/m. Streptomycine. In the same way heat-kHled M. tubercu.os,s bacteria 

(H37Ra. Difco) were tested (Mt). io«uia« 100.900 and 197-218 do 

As the figure shows, the polypeptides having sequences 153-171. 185- 96. 190-200 and 197 218 ao 
not react, and the peptide having sequence 183-196 shows a slight reaction. The polypeptides havmg 
^finuences 174-192 180-196 and 1 80-188 are reactive. 

' « may be dlriv^Tom these data that the epitope recognized by T-cell clones A2b and A2c resides ,o 
antigen A sequence 172-192. with sequence 180-188 as the most essential part fr , llhli « hari 
It is interesting to notice that the amino add sequence of a proteoglycan protein of cartlage (published 
in J BiolChem. 261. pages 3519-3535 (1986)) which proteoglycan protein is also recognized by T-cell 
Ines and Sc shows homology with antigen A sequence 180-188. A still stronger homology is shown 
by the Zence^fan ant^en from Epstein-Barr virus (Nature 310. pages 207-211 (1984)) which , virus jas 
bLn sug^ed to be re.ated to the initiation of rheumatoid arthritis (J.COnJnvest 65. pages M238-1242 
0980) T-cell clone A2b responds to the polypeptide having this homologous sequence. Further, the 
ilnniL lf HLA-DQ3 (J Immunol 139. pages 3506-3511 (1987)). which leucocyte antigen is manly 

sequence 180-181 Finally, the amino acid sequence of human iamin *^<^Jg™£ 
M9861 and PNAS 83 pages 6450-6454 (1986)) shows homology with antgen A sequence 180-188. Lamm A 
rtM C « In o'f the nuciear envelope of human cells, and are related to intermediate filament 
^einT The T-cel. clones react positively to this homologous structure. These homoiog.es may be 
illustrated as follows: 

180 188 

TFGLQLELT Antigen A and M. leprae 65 kD 

TAW ALELQ cartilage proteoglycan protein 

TFGLQF QDT Epstein-Barr-vims antigen 

RHNYQLELR HLA-DQ3 

RA RLQLELS Lamin A and C 

The invention relates to the polypeptide having antigen A amino acid sequence 172-192 having the 
formula 



so 



55 



172 180 188 192 
VITVEESNTFGLQLELTEGMR 



as well as to polypeptides derived therefrom, in the amino acid sequence of wh.ch sequence 172-179 
45 and/or sequence 189-192 is (are) entirely or partially absent. . <mlimras 172- 

When sequence 172-179 and/or sequence 189-192 is (are) partially absen the parts of sequences 172 
179 and 189-192 which are present in the polypeptide have the same ammo acid sequence as in the 
abovementioned formula of the polypeptide having antigen A sequence 

Also, the invention relates to polypeptides showing sequential homology with the atove defined 
polypeptides. In this specification, polypeptides showing sequential homology are considered to be 
Sypeptides composed of 4-21 amino acid residues, at least 4 of which are in the same rela tive port* as 
Re polypeptide having antigen A amino acid sequence 172-192 or in the polypeptides derived therefrom 

and having a shorter sequence, as defined above. . » . milo „™ mn.iss and to 

More particularly, the invention relates to the polypeptide havmg antgen A sequence 180-188 and to 
the pTpeptSes showing sequential homology therewith, for example to the abovemen,,oned polypeptides 
havinn sequences TAWVALELQ, TFGLQPQDT. RHNYQLELR and RARLQLELS. 

* W Z^ ™T ™c^J^ and A2c respond to a« of the above defined Polypeptides he 
antigenicity and the immunogenic^ of the polypeptides may be enhanced by coupling thereto at least one 
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radical capable of improving the presentation of the antigemc determinants of the P°'VPeP***; ^Suchs 
radicals are known in the art. and comprise, for example, radicate of peptides tetanus toxoid, diphtheria 
toxoid fl-galactosidase and microbial outer membrane proteins. Muttimers of the polypeptides in question 
are also contemplated. These modified polypeptides also form part of the invention. 

All of th polypeptides according to the invention, viz. the polypeptide having antigen A amino ac.d 
seauence 172-192. the polypeptides derived therefrom and having an amino acid sequence in which 
sequence m MW JSSJ sequence 189-192 is (are) entirely or partially absent, the polypeptides showing 
sequential homology with said polypeptides, as well as the above defined modified peptides including the 
multimers may be used as immunogens in pharmaceutical compositions, especially vacanes for the 
alleviation and the treatment of auto-immune diseases, especially arthritic conditions, and also as antigens 
in diagnostic compositions for the diagnosis of these diseases. These pharmaceutical and diagnostic 
compositions which may be prepared in a way known in the art. also form part of the invention. The activity 
of the above-defined modified peptides according to the invention is illustrated by the following expen- 

men p S rotection against induction of adjuvant arthritis (AA) with Mycobacterium tuberculosis (Mt) was tested 
in rats. The immunogen was antigen A amino acid sequence 177-188 coupled to bov.ne serum albumin 
(BSA) by means of the well-known glutaraldehyde technique. Groups of five rats were given .ntrapentoneal- 
y BSA alone. 100ug of the 177-188-BSA conjugate and SOOug of the conjugate, respectively ,r ^complete 
Freund's adjuvant The BSA was given In a dose equivalent to the BSA content of mug -IT^ttWJJ. 
Seven days later. AA was induced in the rats by intracutaneous immunization with 1 mg of Mt suspended in 
0 1 ml of mineral oil. Arthritis scores were determined by daily inspection of the joints with confirmation by 
histological examination at the end of the experiment The results are shown in the following Table 1. 

TABLE 1 
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Pre-immunization atday-7with 177-188 
conjugated to BSA protects against AA 



Day 


Mean arthritic score (n = 5) after 


preimmunizatlon with 




BSA alone 


177-188 BSA 






lOOng 


500ug 


11 


0 


0 


0 


15 


4.0 


1.5 


0 


19. 


7.0 


2.3 


1.0 


25 


2.3 


2.8 


1.1 


32 


1.7 


1.8 


0.8 



The effect of immunization with the same 177-188 BSA conjugate was also tested at day 7 after Mt 
immunization. Also in this situation the arthritis that developed was less severe as compared £ »• J*nt. 
seen in the BSA immunized control rats. The mean arthritis scores at the time of maximal arthntis (day 20) 
was 1 in the group of rats Immunized with lOOug and 1.8 in the group immunized with 500ug. whereas the 
BSA immunized controls had a score of 6. (Each group existed of 6 animals). 

The following experiment illustrates the immunogenic activity of the unmodified polypeptides of the 

inVe "nthis experiment, arthritis was induced at day 0 in groups of 6 rats by intracutaneous administration of 
1 mg of Mt suspended in 0.1 ml of mineral oil. At day 7 one group of rats received PBS atone, a second 
group received l0u.g of the peptide having antigen A amino acid sequence 180-188 solubilized in PBS. and 
a third group 100ug of the peptide in PBS. all via the intravenous route. 

Table 2 shows that the peptide significantly suppresses the development of arthritic symptoms. 
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TABLE 2 

Immunization i.v. at day + 7 with 
180-188 in PBS protects against AA. 



Day 



Mean arthritis score (n = 5) after 
immunization with 





PBS alone 


180-188 in PBS i.v. 


10ug 


lOOug 


14 


5.0 


2.0 


1.2 


16 


6.4 


3.8 


2.8 


20 


10.7 


7.4 


4.4 


22 


12.8 


3.8 


£0 


24 


9.4 


4.2 


2.4 


27 


6.4 


3.2 


1.8 



The following experiments illustrate the use of the peptides according to the invention as antigens in 

imm S^tm Xtenile rheumatoid arthritis (JRA) patients .ere tested In a standard solid = JAa.a 
dilution of V.40 and 1:80. For comparison, sera from 15 non-JRA arthrrtis patents and con rol sera from 36 
chSren with other diseases were tested. The JRA patients inc.uded 10 with po.y-RA. 14 w,th paua-RA and 
12 with systemic RA. 

^Ap! thHcetone precipitable traction of Mycobacterium tuberculosis according to EP-A 0 181 364; 

2. Antigen A; 

3. Peptide having antigen A amino acid sequence 1 80-188; 

4. Peptide having amino acid sequence TAWALELQ occuring in cartilage proteoglycan prote.n. 

The tests were carried out as follows: . 
Antigens were coated upon microbe plates by adding to each well 2.5ug * ^ « «" tZ L^l 
incubation for two hours at room temperature the wells were washed w,th PBS and blocked wrth V A 
BSA/PBS. After 30 minutes incubation at room temperature the wells were washed 3 tomes w.th PBS and 
sera were added in dilutions 1:40 an 1:80 in 1% BSA/PBS. After incubafon for two hours at room 
ZZZZ^ZZv 3 times with PBS. 100.000 counts per minute of radioed « >™*™Vl 
anti-human immunoglobulin were added to each well. After incubation overn.ght at 40 C and washmg 4 
times with PBS the Radioactivity was measured. Reaction was deemed posrtive when ,t was at least tw,ce 
the standard deviation above mean of controls. 
The results are given in the -following Table 3. 

TABLE 3 



50 



ss 



Antigen 


Sera giving positive reaction with 
antigens (%) 


JRA 


Non-JRA 


Controls 


AP 


72 


13' 


0 


Antigen A 


72 


13' 


0 


Antigen A 180-188 peptide 


88 


0 


0 


TAWALELQ 


80 


13* 


0 



knees and erythema nodosum. 



Another way to improve the immunogenic^ of the polypeptides according to the invention is to 
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construct by known general engineering methods, micro-organisms expressing a polypeptide according 
to the invention either as such or as part of a fusion protein or as a multimer thereof. These micro- 
organisms can be used for the preparation of a live vaccine which will provoke not only the production of 
antibodies and the development of cellular immunity against the microorganism in question, but will also be 
5 useful for th alleviation and treatment of auto-Immune diseases. 

These genetically engineered micro-organisms and pharmaceutical compositions containing these, also 
form part of the invention. Examples of suitable genetically engineered micro-organisms are Vaccinia , 
Mycobacterium bovis BCG and Salmonella strains. 

Finally the indention provides kits for performing immunological tests comprising a container with at 

10 least one of the antigenic compounds discussed above, or a container with the diagnostic composition 

mentioned above. ' ^ , , x . 

The antigenic compounds and diagnostic compositions, as well as the diagnostic kits according to the 

invention may be used for various types of assays, such as: 

a 1 a lymphocyte proliferation test or determination of any entity indicative of such proliferation; 
15 a 2 indicative of the measure of lymphocyte activation are also changes which can be assayed by 

standard means so as to establish the presence and degree of lymphocyte activation: amongst these there 
may be mentioned: 

a. production of lymphokines (such as interleukin-2 (IL-2)); 

b. gamma interferon; 

20 c. migration Inhibition factor (MIF); 

d. expression of membrane markers, such as IL-2 receptor; peanut agglutination receptor 

e. expression of enzymes such as heparanase. 

b determination of antibody titer in absolute terms or as a ratio of the values obtained by different 
25 compositions, said values or ratios being indicative of the presence or absence of the disease. Quantitative 
values obtained are of use in establishing the severity of the disease. 

The diagnostic compositions according to the invention may be prepared by combining one or more 
antigenic compounds according to the invention as above defined with suitable adjuvants and auxiliary 
30 components. Standardized kits with reference and calibration means are of value in the rapid and 
convenient determination of arthritic disease and its stage and/or severity. 
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Claims 

1. Polypeptide having antigen A amino acid sequence 172-192 of the formula 

s 172 180 188 192 

VITVEESNTFGLQLELTEGMR 

as well as polypeptides derived therefrom, in the amino add sequence of which sequence 172-179 and/or 
19 sequence 189-192 is (are) entirely or partially absent. 

2. Polypeptide according to claim 1 having the amino acid sequence 180-188: 

TFG 3 LQ p^y T p eptide having an amino acid sequence comprising 4-21 amino acid residues, in which 
sequence at least 4 of the amino acid residues are in the same relative pos.t.on as are the same ammo acd 
75 residues in a polypeptide according to claim 1 or 2. P n Tpa . nponT 

4. Polypeptide according to claim 3 having the amino acid sequence TAWALELQ. TFGLQPQDT, 

"TSSZ^SSt* one or more of claims 1-4 coupled to at least one radical enhancing its 

- "Tcomp^SroXSdaim 5 in which the radical enhancing the immunogen.city Is a radical of a 
peptide, of tetanus toxoid, of diphtheria toxoid, of /i-galactosidase. or of a microb.al outer membrane 

protein. . 
7 Multimers of the compounds according to one or more of claims 1-4. 

i Micro-organisms expressing a compound according to one or more of claims 1-4. as such or as part 

c«aim 8. which are generally engineered Vaccinia. Mycobacterium 

bovis BCG or Salmonella strains. . „ u ... 

^0 Phar maceutical c omposition, especially a vaccine against auto-immune d.seases. especially arthritic 
conditions, comprising a compound according to one or more of claims 1-7, or a micro-organism according 

t0 C ?rDiag 0 no 9 stic composition comprising a compound according to one or more of claims 1-7. 

12. Kit for performing immunological tests comprising a container with a compound of any one of 
claims 1-7, or with the diagnostic composition according to claim 11. 
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